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evaluated and translated into technology requirements for researchers and
engineers.
Here I first present the ethical and urgent matters which neuro-engineers
identified as important regarding brain-computer interfacing (Nijboer et al.,
2011). I also present the opinions of persons with neurodegenerative diseases
(spinal muscular atrophy, amyotrophic lateral sclerosis) and persons with spinal
cord injury. In comparison, it becomes clear that these stakeholders could
greatly benefit from each other’s knowledge. Thus, it is strongly recommended
that potential users are involved in research and development of BCIs.
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Brain-Computer Interfaces (BCI) and Virtual Reality (VR) share the same
strong evocative power. The connection between VR and BCI has already been
established in two ways. First, Virtual Reality was shown to improve
performance of BCI users by engaging the user in a more motivating scenario.
In the other way, BCI were shown to enable control of virtual environments in
various explicit or implicit manners.
In this talk we will illustrate state-of-the-art results obtained in the field of BCI
and VR, such as in the frame of the OpenViBE2 ANR project which was
dedicated to the use of BCI in videogames. We will notably present a serious
game developed for children suffering from ADHD, which relies on EEG-based
neurofeedback and on the immersion of the user in a virtual classroom in virtual
reality.
The Speaker, Anatole Lécuyer, is Director of Research, and head of the Hybrid
research team at the French National Institute for Research in Computer Science
and Control (Inria), Rennes, France. His research interests include 3D user
interfaces, force-feedback technology, and brain-computer interfaces. He has
been the project leader of the renowned OpenViBE software for BCI and VR
since 2005 (http://openvibe.inria.fr), and coordinator of ANR OpenViBE2
project on BCI and videogames (2009-2013).
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Brain-Computer Interfaces (BCIs) are devices that bypass the normal
neuromuscular output pathways and translate a user’s brain signal directly
into action. Hence, BCIs have to monitor and interpret brain signals in real-time.
Here, we review some recent work in the field of non-invasive electro-
encephalogram-based (EEG) BCI-assisted neurorehabilitation conducted at the
Graz University of Technology. The review is divided into three parts. Firstly,
we review our latest developments on BCI-based communication and control,
and present our ‘‘plug and play’’ BCI [1]. The system autonomously adapts its
parameters to fit the user’s brain activity pattern – induced by performing mental
tasks – during run-time, allowing basic communication after short periods of
time. Secondly, we outline how BCI technology can be helpful for assessing
active participation of individuals during gait rehabilitation [2,4]. Active
participation is essential for successful rehabilitation. Thirdly, we present our
first prototype of game-based functional motor mapping [3]. Our aim is to
develop systems that allow measuring motor and brain activity while
individuals are engaged in rehabilitation and perform functionally meaningful
tasks. Our results demonstrate both the feasibility and possible utility of
incorporating BCI technology into clinical practice.
References
[1] Faller J, Vidaurre C, Solis-Escalante T, Neuper C, Scherer R. ‘‘Auto-
calibration and recurrent adaptation: Towards a plug and play online ERD-
BCI,’’ IEEE. Trans Neural Syst Rehabil Eng 2012;20(3):313–9.
[2] Wagner J, Solis-Escalante T, Grieshofer P, Neuper C, Müller-Putz G,
Scherer R. ‘‘Level of partici- pation in robotic-assisted treadmill walking
modulates midline sensorimotor EEG rhythms in able-bodied subjects,’’.
NeuroImage 2012;63:1203–11.
[3] R. Scherer, G. Moitzi, I. Daly, and G. Müller-Putz, ‘‘On the use of games for
non-invasive EEG-based Functional Brain Mapping,’’ IEEE Trans Comput
Intell AI in Games, in press.
[4] Solis-Escalante T, Wagner J, Scherer R, Grieshofer P, Müller-Putz G.
‘‘Assessing participation during robotic assisted gait training based on EEG:
feasibility study,’’ in Proc. of the 3rd TOBI Workshop. Germany: Würzburg; 2012:
61–2.
http://dx.doi.org/10.1016/j.rehab.2013.07.973
CO30-004-e
Brain computer interfaces: Principles and
technological limits in rehabilitation
P. Marque a,*, C. Bergaud b, C. Jouffrais c
a Unité Inserm U 825, 1, place Baylac, Pavillon Baudot CHU Purpan, 31000
Toulouse, France
b LAAS-CNRS 7 avenue du Colonel Roche BP 54200 31031 Toulouse cedex 4
c IRIT-CNRS UMR 5505 Université Paul Sabatier 118 route de Narbonne
31062 Toulouse cedex 9
*Corresponding author.
E-mail address: marque.ph@chu-toulouse.fr
Keywords: BCI; Communication; Assistive technology
The brain computer interfaces are devices for capturing and decoding brain
signal to control robotic or computer supply systems. In very severe disabled
persons, such interface can appear as the lonely possibility of supply.
Two main types of interface are described.
Non-invasive interfaces do not require any surgical implantation. They use the
EEG signals. Synchronous interfaces using the properties of evoked potentials have
been described. It is simple and robust interface, but with slow recording rate. More
recently, asynchronous interfaces have been also described. These interfaces use the
somatotopy variations of the EEG frequency during movement imagination. These
interfaces require signal averaging and thus task repetitions. Non-invasive
interfaces need long learning and involve major cognitive engagement. These
interfaces are increasingly used in detecting states of consciousness and as
temporary approach to communication in severe motor disability.
Invasive interfaces require the implantation of intracranial electrodes. They are
based on the selective recording of fields or intra neuronal potentials. The record
of a hundred neurons simultaneously allows to decode the direction of upper
limb movement. These interfaces could have a high recording rate and are
compatible with dual cognitive tasks. The implantation of electrodes limits
interferences and improves the signal to noise ratio. It is a surgical procedure
that is not without risk, but that is already widely and successfully used in the
treatment of Parkinson’s disease. In fact, the long-term biocompatibility of
electrodes is in our opinion the main technological barrier of invasive interfaces.
The Brain Machine interfaces should reach technological maturity in few years
to come and take an increasing role in supply of severe disability.
http://dx.doi.org/10.1016/j.rehab.2013.07.974
CO30-005-e
How does BCI integrate our current strategies for
rehabilitation after brain injury?
I. Laffont a,*, E. Galano a, D. Mottet b, S. Perrey b, J. Pelissier c,
J. Froger c
a Département de MPR, CHU de Montpellier, Movement to Health - Euromov,
Universite Montpellier 1, Montpellier, 191, avenue du Doyen-Gaston-Giraud,
34295 Montpellier, France
Session SOFMER Inserm CNRS : interfaces cerveau machine (2) / Annals of Physical and Rehabilitation Medicine 56S (2013) e376–e379e378
b Movement to Health - Euromov, Universite Montpellier 1, Montpellier
c Département de MPR, CHU de Nîmes, Movement to Health - Euromov,
Universite Montpellier 1, Montpellier, France
*Corresponding author.
E-mail address: i-laffont@chu-montpellier.fr
Keywords: Stroke; BCI; Rehabilitation; Cerebral plasticity
The idea of using brain computer interfaces (BCI) for rehabilitation emerged less
than five years ago. The main objective is to promote the recruitment of selected
brain areas involved in particular tasks through BCI which make possible
recording and decoding brain activity while achieving motor or cognitive tasks.
Basically, BCI for neuro-rehabilitation consists in recording the brain signal
generated by the patient, as he/her tries to perform the required task (even if
imperfect), or during a mental imagery task.
The received signal can then be used in several ways:
– to generate and/or optimize the desired motor task via a Functional Electrical
Stimulation device or a rehabilitative robotic orthosis disposed on patient’s leg
or arm. Brain interface allows to ‘‘close’’ the sensorimotor loop by giving the
patient a sensory feedback (proprioceptive and haptic) of the movement
‘‘supposed to be generated’’;
– to objectify and strengthen work in Mental Imaging by providing the patient a
feed back on the mental task provided, for example in a virtual environment;
– to understand cerebral reorganizations after lesion, in order to influence
plasticity. For example, applying cerebral stimulation to re-equilibrate inter-
hemispheric imbalance as shown by functional recording of brain signal during
movement may help recovery.
The place of these very new rehabilitation devices must be specified among our
current and less or more validated traditional methods: task oriented
rehabilitation, high intensity and repetitive exercises, mental imagery, mirror
therapy, constraint induced therapy, mechanized or robotic rehabilitation,
virtual reality an video games, modulation of sensory afferents..
The indications of these techniques must also be refined in the light of the wide
range of brain damage observed in our patients: this diversity will necessarily
complicate the decoding of brain signal and its use in pathological conditions.
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There is a need to develop brain-computer interface (BCI) systems that are able
to remain stable in varying psychophysiological conditions (such as during
times of mental fatigue) that can disrupt user capability. Attention resources are
finite and how a gradual decrease in attention across time – the so-called time-
on-task (TOT) effect – can influence neural signals is yet to be identified. This
present study investigated in fifteen male volunteers (i) the time course of
cortico-spinal excitability through single-pulse transcranial magnetic stimula-
tion; and (ii) the changes in activity of pre-motor, primary motor, prefrontal
cortex and right parietal areas by means of near-infrared spectroscopy (NIRS),
during a sustained attention reaction task (RT) of 30 min duration. Applicability
of using NIRS-measured cortical activity in order to classify subject attentional
state during the sustained attention task was further tested in a sample of 7
subjects.
NIRS measurements were performed using a continuous wave multichannel
system (Oxymon Mk III, Artinis, The Netherlands). From the resulting signals,
the supervised classification procedure was performed by means of a support
vector machines algorithm.
The main results are an observation of (i) a significant increase (P < 05) in
lateral prefrontal (right and left) and right parietal areas activity after 10 min of
task (ii) and a significant increase in cortico-spinal excitability (P < .01) and
the primary motor area activity (P < .05) after 15 min of task. The TOT effect
was observed after 9 min of sustained attention as revealed by a significant
increase in RT (P < .001). The classification accuracy achieved a value of 80%
when a statistically significant increase in RT appears. Further, a significant
relationship between classification accuracy and relative increase in RT was
found.
We demonstrate that the adaptations of the nervous system to the rise in RT over
time is not limited to the attention-related cortical areas but in addition
implicates some motor structure involvement. These cortical regions may serve
as a readily input for BCI applications. Further these preliminary results
demonstrate the potential for exploitation of NIRS-measured hemodynamic
signals of the cerebral cortex to monitor attention deficits.
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